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Abstract: Can an investor realize meaningful returns by choosing sustainability? Global Knights
publishes an annual 100 Global Most Sustainable companies list which has been announced each January
in Davos, Switzerland since 2005. This paper examines the global recognition of the US sustainable
companies which make that list and the presence of cumulative abnormal returns of their portfolio. Event
study methodology is used to assess short and long term cumulative abnormal returns of a dynamic
portfolio updated annually over 16 years to include those names. Standard Deviations and Sortino Ratios
are evaluated to determine the comparative level of risk a potential investor would assume if holding the
sustainable portfolio vis-a-vis the overall market. We find the Sortino ratio of the sustainable portfolio is
1.98 vs. the market Sortino of 1.62. This could be useful for portfolio design as a risk reduction factor
through improved downside capture. We find that cumulative abnormal returns show significance at
windows (-10 + 63) and windows (-10+84) at the 95% significance level through parametric tests. We
find non-parametric test significance at windows of 200 trading days and over at the 95% significance
level. The results suggest the ranking methodology and selection to the Global list by Corporate Knights
could be a meaningful risk-adjusted contributor to cumulative abnormal returns. Additional research with
more data availability over time can provide more granularity as to the why of this phenomenon.
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Introduction and Motivation
The topic seeks to add credence and support to the term of responsible capitalism and academic research
trying to study impact investing vis a vis risk-adjusted profitability.
Environmental, social and governance (ESG) metrics are being used at an increasing pace to filter
investment opportunities and are a significant factor in choosing investments for endowments,
foundations, pension funds and other long term horizon investment assets (100-year investments). The
current pandemic crisis has thrown into focus the social contract of a business. ESG was already reaching
the mainstream pre-COVID 19. The Pandemic has just accelerated that trajectory. Graph 1 shows the
quarterly inflows into US Sustainable funds since 2009. Before 2020, ESG monthly fund flows in the US
had only topped $3 billion once (December 2019), and last year in 2020, there were multiple months with
fund flows well surpassing the $3.5 billion mark (Morningstar, 2020).

…………Insert Graph 1 Here……..

This topic ties into the trend and demographics of emerging investor profiles seeking principled and
responsible investing. The voice of millennials and women has begun to take more control of investable
dollars, and the volume of “conscience investments” will likely continue to rise (Kambayashi, 2018).
Investments that bring about positive change and have a long lasting environmental and societal impact
could continue to pay “psychological” dividends (Ainsworth, Corbett, & Sachell, 2018). Financial risk is
ordinarily explained by credit risk, liquidity risk, counter-party risk, default risk, interest rate and market
risk, operational or sovereign risk as it all blends into systemic risk. Investing with “long term impact” as
4

a priority, inherently strives to remove risks that may ordinarily not be included in the financial risk
equation.
This paper investigates the impact of including the US companies selected to the Global Knights list, and
the presence of Cumulative Abnormal Returns, in a portfolio updated to hold them over time. The study
evaluates the existence of an alpha factor in terms of Cumulative Abnormal Returns for companies that
make the list each year vis a vis a market benchmark vis a vis the oldest US based ESG ETF over that
same period.
The United Nations 17 Sustainable Development Goals initiative through 2030 ties into the continued
focus on measuring impact to transform our world for the coming decade and beyond (Kwatra & Wynne,
2015). Additionally, the Business Roundtable Association provided an updated statement of the purpose
of a corporation in August of 2019 to include all stakeholders – customers, employees, suppliers,
communities and shareholders (Roundtable, 2019). This shift in focus also ties into the choice of the
research topic.
Ingersoll Rand and Tesla are two of the companies that made the Global list in 2019 and 2020. Graph 2
and Graph 3 show the hypothetical growth of $100K for an investor who picked up one of these stock
names since the announcement date vs. holding a market index. G100 is the portfolio name used for the
sustainable mix of US companies chosen in 2019 and 2020.

…………..Insert Graphs 2 and 3 here………

5

The analysis is also evaluating risk metrics of the compared portfolios through their Standard Deviation
and Sortino ratios. This paper is assessing whether the selected US companies which receive global
recognition could be a contributor to meaningful risk adjusted returns over time.

Literature Review
Jacobs, Singhal and Subramanian published research in 2010 in the Journal of Operations Management
that attempted to measure announcement effects of environmental performance on firm market value.
Overall, they find that the market is selective in reacting to announcements of environmental performance
with certain types of announcements even valued negatively (Jacobs, Singal, & Subramanian, 2010).
The book “The Triple Bottom Line – How Today’s Best Run Companies are achieving economic, social
and environmental success and how you can too” by Savitz and Weber written in 2012 talks about
corporate actions and how those have two impacts – one on profit and another on the world. The authors
illustrate the concept of sustainability and its long-term impact on the viability of a corporation and how
those have to go hand in hand in the 21st century (Savitz & Weber, 2012).
Most recently, Aureli, Gigli, Medei and Supino (May, 2020) published research titled: “The value
relevance of environmental, social and governance disclosure: Evidence from Dow-Jones Sustainability
Index Listed companies” and their findings indicate an increasing level of significance of reports released
after 2013 (Aureli, Gigli, Medei, & Supino, 2020). A Study from 2017 in the Journal of Business Ethics
examines how sustainable development can help companies create shareholder value and improve
financial performance. The authors focus on the British market and find results that support the thesis that
firms that incorporate sustainability issues into their business operations are better able to leverage their
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resources toward stronger financial performance and shareholder value creation than other companies
(Gomez-Bezares, Przychodzen, & Przychodzen, 2017). The Journal of Corporate Social Responsibility
and Environmental Management had research published in late 2018 that indicated a positive link
between sustainability initiatives and Financial Performance (FP). The authors used Fortune’s annual 100
best-performing US companies report and analyzed their sustainability performance (SP) reports to look
for a link. Their published results have relevant policy implications for designing a comprehensive and
value‐relevant sustainability performance measurement framework. These results are useful for managers
in demonstrating that real commitment towards sustainable corporate development pays off in terms of
superior FP (Hussain, Rigoni, & Cavezzali, 2018). Their findings indicate that SP is significantly linked
to accounting as well as market‐based measures of FP as measured by ROE, ROA and Tobin’s Q
(Hussain, Rigoni, & Cavezzali, 2018).
A notable change of sentiment was issued by the Business Roundtable in August of 2019 on the Purpose
of a Corporation (Roundtable, 2019). The shift was signed by all CEOs who are members of the Business
Roundtable Association. The new purpose was restated so as to be more inclusive. According to the new
purpose each of a company’s stakeholders is essential. CEOs committed to deliver value to all of them,
for the future success of their companies, their communities and our country (Roundtable, 2019).
Further literature scans show ambiguity in the link between sustainability performance (SP) and financial
performance (FP) and divergent beliefs over time. A distinction is made between traditionalist and
revisionist views on the link between SP and FP. There are different schools of thought concerning the
SP–FP nexus (see Molina‐Azorín, Claver‐Cortés, López‐Gamero, & Tarí, 2009 (Molina-Azorin, Tari,
Claver-Cortes, & Lopez-Gamero, 2009); Revelli & Viviani, 2015 (Revelli & Viviani, 2015)). Proponents
of the neoclassical school (‘traditionalist view’) have argued that sustainability initiatives impose
additional costs (see, e.g., Walley & Whitehead, 1994 (Walley & Whitehead, 1994); Hamilton, 1995),
whereas Porter (1991) and Porter in Linde (Porter & Linde, 1995) support the ‘revisionist view’ and argue
that such initiatives create win–win situations by enhancing FP and social welfare. Flammer (2015) and
7

Marti, Rovira‐Val, and Drescher (2015) note that investment in sustainability yields positive accounting
performance. Similarly, Wang & Tuttle (Wang & Tuttle, 2014), argue that sustainability has become an
important contributor to investment returns by sending a positive signal to the financial market. The third
stream of research challenges both traditionalist as well as revisionist views and supports an inverse U‐
shaped relationship (Lankoski, 2000; Wagner, 2001) by arguing that sustainability is beneficial to a
limited extent. Others have argued for a neutral association between firms' responsible behavior and
resulting benefits (McWilliams & Siegel, 2001).
This research finds contributory evidence of the revisionist view that being a globally recognized
sustainable US company could be a win-win for the corporation’s financial performance as well as the
overall ecosystem within which it operates. The research seeks to contribute to the body of knowledge in
the field of corporate sustainability and portfolio design by utilizing a different methodology than similar
studies have used, incorporating the Sortino ratio as a measurement of risk optimization. The consistent
approach and unique formulation that Global Knights uses in order to select these companies to the
Global 100 presents a unique sourcing opportunity for asset managers who want to provide returns that
are meaningful in more ways than one.
This research builds on two academic papers that used standard event study methodology in their research
approach:
1) Quality Awards and the Market Value of the Firm: An Empirical Investigation – by
Hendricks & Singhal, Journal of Management Science, Vol.42, March 1996.
2) Market Reaction to Corporate Press Releases - by Neuhierl, Scherbina and Schlusche, Journal
of Financial & Quantitative Analysis, Vol. 38, August 2013.
The paper by Dr. Hendricks and Dr. Singhal documents the stock market reaction to the winning of
quality awards by estimating abnormal change in the stock prices on the day of the announcement.
Second, it also examines whether the risk of the firm changes after winning a quality award. Third, it
8

examines the abnormal stock price behavior from 3 yrs. before to 1 year after the winning of quality
awards. Their results show that the stock market reacts positively to quality award announcements. They
also find that winning a quality award conveys information about the systematic risk of the firm. They
find a decrease in the equity and asset betas after the quality award announcement (Hendricks & Singhal,
1996). The authors of the second paper – “Market Reaction to Corporate Press Releases” find that
winning a company award may send a positive signal about the quality of the firm which would explain
the significantly positive price reaction. They contend that such awards do not convey new information
but simply increase the firm’s visibility. Visibility subsequently broadens the investor base and lowers the
firm’s cost of capital while increasing the market value as suggested by Merton in 1987 (Neuhierl,
Scherbina, & Schlusche, 2013).
This research follows the rationale adopted by Dr. Hendricks and Dr. Singhal to investigate whether the
Global announcement is an indicator that effective sustainability practices have been adopted by the
chosen US companies. This paper likewise will document the stock market reaction to the winning of the
Global recognition by estimating the abnormal change in the stock prices within various event windows
(Hendricks & Singhal, 1996).

3.Data & Methodology
3.1 Data Background
Search was completed amongst companies voted most sustainable year over year globally. Two
publications publish a Global list – Barron’s and Corporate Knights. Barron’s has only been publishing
this list for the last four years so the Corporate Knights database is utilized due to the broader dataset
availability. Barron’s database could be used for further research as additional years are published.
The ranking we use is conducted by Corporate Knights, a specialized media and investment research firm.
They are the world’s largest circulating magazine focused on sustainability and responsible business. The
9

full dataset of companies which have made the list since 2005 is not public and was purchased from
Corporate Knights in order to perform this study.
This is an annual Ranking of corporate sustainability performance for 100 companies from across the
Globe. The list has been released each January since 2005 during the World Economic Forum in Davos.
The intent is to only study the US companies which have made the list. 22 US companies made the list on
Jan.22, 2019 for 2018. 17 US companies made the list on Jan. 21, 2020 for 2019. On average there are 17
to 25 companies that are American based that have made the list since 2005.
The unique part of the dataset is the consistent methodology of how companies are selected in order to
make this list. 21 key performance indicators are crafted by Corporate Knights and are taken into
consideration covering resource management, employee management, financial management, clean
revenue and supplier performance. Companies are divided into unique sectors by the publication, and
regardless of sector, all companies are screened based on 8 universal key performance indicators. Those 8
indicators are defined by Corporate Knights to be: Percentage Tax Paid, Pension Fund Status, Supplier
Sustainability, Women in Executive Management, Women on Boards, Sustainability Pay Link Score,
Sanction Deductions and Clean Revenue. The publicly listed companies considered are those with gross
revenue of a min. of $PPP-currency $1B (FY2018) (Knights, 2020).
All industries and geographies are considered before screening out companies. The analysis is performed
based on publicly disclosed data. Data from the prior year is considered and on average over 8000
companies are evaluated (Knights, 2020). The consistent selection criteria help to filter potential bias in
the data. Eligible companies are assessed using quantitative data and performance indicators from the
year prior to the announcement. The methodology of the ranking and results of the process are fully
disclosed each year but the formulation remains unique and would be hard to replicate by others.
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3.2 Data Description
The overall data set for this research was purchased from Global Knights.
Stock data in this research uses daily closing prices for all companies which make the Global list each
year. The data was obtained from CRSP. Daily data for the Fama French Factors was obtained from the
Kenneth French website. Daily VIX data was obtained from Yahoo Finance. Daily data for the MSCI
KLD 400 iShares ETF was obtained from Yahoo Finance. This ETF is chosen as the best proxy for
sustainable investments as it is one of the very first socially responsible funds in the USA, giving it a long
track record. Matching portfolio data was obtained from data published from Corporate Knights for
companies which were eligible for the ranking but did not make the final list (Knights, 2020).
The exact announcement dates were collected from announcements published on PR Newswire for all
years since the first announcement in January of 2005 and were cross checked with the purchased
database from Corporate Knights. It is important to get accurate announcement information because press
releases reach investors almost instantaneously via services such as PR Newswire (Neuhierl, Scherbina,
& Schlusche, 2013). Table 1 shows all the announcement dates since 2005.

…………..Insert Table 1 Here…………..

The Wharton Research Database (WRDS) was used to run the US Daily event study application for
selected windows {(-10 + 21); (-10 +64); (-10 + 84); (-10 + 252)} (WRDS, 2021).
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EViews 12 was used to run all regression work. Excel was used to calculate standard deviation and
Sortino ratios for all years of the researched portfolio and respective benchmarks.
3.3 Methodology
The paper uses event study methodology to research the merit of creating a dynamic trading portfolio of
the US companies that make a global sustainable company list each year. Event studies allow a researcher
to estimate how asset prices react to announcements of events that may include information relevant for
the value of the underlying assets. What we look to assess is whether the market is efficient in reflecting
the information in an event. Does the event have a positive, negative or a neutral impact on returns? In
general terms an event study is a systematic examination of the average impact of a certain event on
prices or the volume of a certain underlying asset.
There are 7 steps in an event study according to Oliver Linton who wrote a chapter on Event studies in his
textbook titled Financial Econometrics - Models in methods. The seven steps are: 1. Event Definition 2.
Selection Criteria 3. Normal and Abnormal Returns 4. Estimation Procedure 5. Testing Procedure 6.
Empirical Results 7. Interpretation and Conclusion (Cowan, 1992).
Under the semi-strong efficient market hypothesis, the anticipated part of an announcement/event has no
effect, but the unanticipated part should have an immediate and "permanent" effect on prices.
The semi-strong efficient market hypothesis contends that investors can’t use technical or fundamental
analysis to get an advantage on the market. However, information not available to the public can help
investors. This is partially the reason in event studies the event window is constructed at time T minus a
number of days prior to the actual event date. This helps to account for information leakage and possible
impacts before the actual announcement.
The difference between the realized and expected asset prices called the abnormal return could be
attributed to the event and be tested for statistical significance. This way, a reliable conclusion about the
price impact of the specified event can be drawn.
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Event studies present the joint test problem. While the specification and power of a test can be statistically
determined, economic interpretation is not straightforward because all tests are joint tests. That is, event
study tests are well-specified only to the extent that the assumptions underlying their estimation are
correct. This poses a significant challenge because event study tests are joint tests of whether abnormal
returns are zero and of whether the assumed model of expected returns (i.e., the CAPM, Market Model,
etc.) is correct.
As far as the choice of event window – that is discretionary. On the one hand, information leakage and
longer information processing periods favor longer event windows, and on the other hand, confounding
events suggest shorter event windows.
The Market Model is utilized as the primary risk model. The Market Model uses abnormal returns defined
in line with the:
CAPM: 𝐴𝑅 = 𝑅 − 𝐸(𝑅) = 𝑅 − (𝛼 + 𝛽 ∗ (𝑅𝑚 − 𝑅𝑓 ))
As a robustness check – the Market Adjusted and the Fama French Models are also used as a secondary
measure to check for changes in the significance of results. Graph 4 shows the timeline examined by an
event study and the general parameters used in this research (WRDS, 2021).

……Insert Graph 4 here….

An event study is often referred as statistical analysis of market reaction over a short period of time, i.e.,
over days. Conventionally, an event analysis such as the announcement to the list of 100 Global most
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sustainable companies is considered a long horizon event study when it involves an event window of one
year or more. The longer window makes event analysis with a long horizon more challenging than its
short run counterpart. It can make risk adjustment based on historical estimates significantly biased.
Estimates of abnormal returns in long run event studies are highly sensitive to model choice. This is
because systematic errors that arise with imperfect expected return proxies are compounded over long
horizons. The long-term event study is done following the rationale of Dr. Hendricks and Dr. Singhal who
examine the abnormal stock price behavior up to a year after the winning of quality awards (Hendricks &
Singhal, 1996).
The event study approach will measure the cumulative abnormal return (CAR) of the mix vs. a market
benchmark in short and long-term event study periods up to a year (252 trading days) after the
announcement. With significant information impact, the expected value of abnormal returns (AR) is nonzero. Average cumulative abnormal returns over the event window should then be significantly different
from zero. This study uses an estimation period of 100 trading days and the estimation period ended 50
days prior to the announcement. This 50-day period is chosen to be large enough to effectively shield the
estimates from the effects of the announcement in a similar fashion as done in one of the benchmark
papers used for this research (Hendricks & Singhal, 1996).
Null Hypothesis:
Selection of a US company to the Global 100 does not contribute to meaningful returns.
Ho: CAR = 0
Research Hypothesis:
Selection of a US company to the Global 100 contributes to meaningful returns.
Ha: CAR > 0

14

We use a 5% significance level for hypothesis testing and this is a right tail hypothesis test since our
research hypothesis is that CAR will be greater than zero.
We use parametric tests for determining significance of CARs in all the windows studied (-10+21; 10+64;
-10 +84; -10 +252) but rely more for inferences on the non-parametric test results for the long run
windows (-10+252). This is done based on recommended methodology for long run event studies as
suggested by Campbell, Andrew and Lo in 1997. (Campbell, Lo, & Craig, 1997). The null hypothesis of
the cross-sectional t-test is that the mean of abnormal returns (cumulative) does not differ statistically
significantly from zero.

On the non-parametric side, we use the Generalized Sign Test for the long run event window (-10 +252).
The generalized sign test looks at whether the number of securities having positive cumulative abnormal
returns in the event window is greater than the number expected in the absence of abnormal performance.
The number expected is based on the fraction of positive abnormal returns in the estimation period where
the test statistic uses the normal approximation to the binomial distribution with the parameter 𝑝̂ . If we
define [w] as the number of stocks in the event window for which the cumulative abnormal return {CARj
(D1, Dt)} is positive, then the generalized sign test statistic is Zg as expressed in the below formula.
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After performing the event study, we examine the Standard Deviations and the Sortino ratios as measures
of risk adjusted returns of the studied portfolio vis a vis the market vis a vis returns of the oldest
sustainability focused ETF in the US. This is done in a similar vein as Dr. Hendricks and Dr. Singhal who
examined whether the risk of the firm changes after winning a quality award (Hendricks & Singhal,
1996).
As a hypothesis robustness check, we create a matching sample portfolio of companies considered for the
Global Ranking in 2020, and look for abnormality of returns of the matched sample vs. the final chosen
US companies for that year. This is an effort to isolate the effects of the announcement itself and the
effect of the key performance indicators embodied by eligible companies considered for the ranking but
not chosen. With data availability this matching sample exercise should be extended to include all years
of announcements. For this research we are limited due to data available so we have to be cautious
making inferences.
Additionally, we create a sample of US companies that exhibit high sustainability (Sustainalytics ESG
score < 13) based on values estimated for year 2020 and compare excess returns for that mix vs. the
researched mix.
As an extra robustness check, we check for abnormality of returns of the researched portfolio vs. the
oldest US ETF that comprises a mix of sustainably focused companies. The ETF is the MSCI KLD 400
and it consists of 400 companies that are drawn from a pool of the largest domestic publicly traded
companies. This allows us to compare another longer track record domestic index to the researched mix
which is also based on US headquartered companies.
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Subsequently, to detect informational impact, we isolate the US companies that only make the Global list
announcements once throughout the full period studied. We run a change in volume study on those
companies to help identify if the novelty of the announcements had a noticeable effect on volume around
the announcement date aside from the possible impact on cumulative abnormal returns.
After these robustness checks are performed, regression work is done using the daily abnormal/excess
returns of the portfolio as the dependent variable (from 2005 to 2019) and we regress those on the Fama
French Factors and daily VIX. These regressions are estimated using Ordinary Least Squares (OLS) and
Robust Least Squares using EViews 12. Robust Least Squares is used in addition to ordinary least squares
(OLS). The purpose of these post event study regressions is to study the relationships between all of these
variables and look for statistically significant correlations.
OLS estimators are sensitive to the presence of observations that lie outside the norm for the regression
model of interest. The sensitivity of conventional regression methods to these observations can result in
coefficient estimates that do not accurately reflect the underlying statistical relationship. Due to the data
set having outliers, we employ Robust Least Squares. Robust least squares can refer to a variety of
regression methods designed to be robust, or less sensitive, to outliers. We use the MM estimation
method as it down-weighs outliers in both the dependent and independent variables.
VIX is used as a proxy to measure the “investment climate” over time. This is an effort to evaluate the
effect of uncertainty on the portfolio excess returns over time.
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4. Data Analysis and Results
4.1 Event Study Results
The predominant risk model used to estimate normal returns across event study literature is the Market
Model (WRDS, 2021). As mentioned earlier, the Market Model uses abnormal returns defined according
to the CAPM.
We also have to remember that event study tests are well-specified only if the assumptions underlying
their estimation are correct.
Table 2 presents results of event induced Mean Cumulative Abnormal Returns (CAR) for 4 different
window lengths: 1 (21 days), 3 (63 days), 4 (84 days) and 12 (252 days) months of trading. The rationale
for choosing these windows is that a potential investor would ordinarily look at results after a month, a
quarter and then over 4 months and beyond of holding the portfolio and evaluate its impact on generating
abnormal returns. We do look for abnormality of returns within the shorter timeframe and just within (3+3 and - 5+5) days of the announcement also. This is done so we can evaluate the immediate impact of
the announcement on abnormality of returns as that can convey information about the efficiency of the
market in digesting the effect of the announcement (Tetlock, 2007).
The non-parametric generalized sign test indicates significance in all window lengths except the 1 month
of trading. The parametric cross sectional test statistic and its corresponding p value reported in Table 2
is only significant at the 5% significance level for the 4-month trading window with an indicated Mean
CAR of 2.384%. The Mean CAR with the Market Model as estimator at day “0” is 0.305% but is not
statistically significant. However, on Day 3 post announcement, the Mean CAR is statistically significant
on the parametric side with t-statistic at 1.726 and a p-value of 0.08. On the non-parametric side, we find
median CAR to be statistically significant 2 days prior to the announcement with the Generalized Sign
Test Statistic Zg=2.29 and its corresponding p-value is 0.01. That information indicates there is
informational diffusion and we begin to see abnormality of returns that are statistically significant within
18

the very short-term window of (-3+3). Table 2 reports the windows we are evaluating from the
perspective of an interested investor.

……Insert Table 2 Here………

We repeat the event study for the same window lengths as in Table 2 but now use the Market-Adjusted
Model and the Fama French model. The Market-Adjusted Model uses abnormal returns defined in excess
of the CRSP Value-weighted market return (assumes market beta of 1).
Fama-French Three-Factor Model uses abnormal returns defined with respect to the Fama-French 3-factor
model, i.e.,
AR=R-E(R)=R-(Rf+alpha+beta1*(Rm-Rf) +beta2*SMB+beta3*HML)
Here the tests show significance on the parametric side of the test statistics for both the 3- and 4-month
trading windows with the Market Adjusted Model of estimation. In the 12-month trading window, the
non-parametric generalized sign test shows significance both with the Market Adjusted and the Fama
French models of estimation. In fact, the Generalized Sign test statistic (Zg) and its corresponding p-value
indicate longer term statistical significance on days 185, 186 and days 191, 200, 203, 204, 205 and day
211, 224, 226 post announcement. The Day 200 post announcement has a Zg stat of 3.014 and a p-value
of 0.001 which is a strong statistically significant result.
The generalized sign test, as mentioned previously, is based on the percentage of positive abnormal
returns in an estimation period. In simulations, using daily stock return data, the generalized sign test is
well specified and does better than the rank test with longer event windows (Cowan, 1992). Tables 3 and
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4 below show these results for the comparative windows chosen to suit a hypothetical investor
considering this portfolio strategy.

…..Insert Tables 3 and 4 here….

4.2 Risk Metrics Analysis
The most commonly known metric in industry to measure variability of returns and the risk of fluctuation
in portfolio value is the standard deviation. The standard deviation measures the dispersion around the
mean. An investor would technically like upward deviation only above the mean and would want to
minimize downside volatility. According to a paper published in 1991 called “Downside Deviation”:
“Academics and practitioners see a growing problem using the standard deviation and betas as those do
not capture what is truly at stake (Sortino & Van Der Meer, 1991). Dr. Frank Sortino, is one of the fathers
of modern finance and the architect of Post-Modern Portfolio Theory. The Sortino ratio was introduced
as a metric in the early 1980s and is one of the cornerstone concepts of post-modern portfolio theory.
Compared to the Sharpe, Treynor and Jensen ratios, the Sortino is its relatively less popular “cousin”. We
find it most recently used to estimate outperformance in hedge fund portfolios in a paper in the Journal of
Contemporary Economics published in late 2019 (Falkowski, Sierpinska-Sawics, & Szczepanowski,
2019). The Sortino ratio takes an asset or portfolio's return and subtracts the risk-free rate, and
then divides that amount by the asset's downside deviation. After analyzing the studied Portfolio Sortino
vis a vis the Market Sortino vis a vis the MSCI KLD ETF Sortino we find that the portfolio of US
companies that make the Global list has an average Sortino of 1.98. That indicates that an investor would
potentially take less risk per unit of return than someone invested in the market or the MSCI KLD ETF
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which have Sortino ratios of 1.62 and 1.57 respectively. The Sortino ratio is a risk adjusted metric meant
to determine if a certain investment is earning more return per unit of bad risk. Interestingly, when we
calculate the standard deviation of all the compared portfolios, we find that the studied sustainable
portfolio has a higher standard deviation (SD) at 18.15% vs. the Market Portfolio SD of 17.75% which
can lead one to assume it carries more overall risk. The standard deviation metric alone may not provide
enough information when evaluating the performance vs. the return profile. Table 5. and Graphs 5. and 6.
show those results.

…… Insert Table 5 and Graphs 5 and 6 here…..

4.3 Robustness Checks

4.3.1 Matching Sample Analysis

After filtering for key performance indicators based on their unique formulation, Corporate Knights
comes up with the pool of eligible companies that can potentially make the annual Global 100 list. Over
8000 companies are considered (Knights, 2020).
Using the data provided by Corporate Knights for the announcement for year 2020, we create a matching
portfolio. The matching US companies are from the same industry groups as the ones chosen in 2020 and
were put through the same filtering criteria as the finalists to the List. After analyzing the returns of the
selected portfolio vs. the matched portfolio for the year in question we see the results as presented in
Table 6 and Graph 7. Using a hypothetical example of investing $100,000 at the time of announcement
and holding this portfolio through the following January we find that the studied portfolio outperforms in
21

return as well as risk adjusted return. The selected Global 100 companies show return outperformance and
a higher Sortino ratio of 3.20 vs. the matching portfolio Sortino of 1.11 and the market Sortino of 1.13.
Table 6 and Graph 7 show all the detail of the abovementioned results.

……………. Insert Table 6 and Graph 7 here………….

We are constrained by data availability to only be able to perform a matching portfolio comparison for the
2020 announcement date, as Corporate Knights made that pool of eligible company data available and
prior year data is not accessible.

4.3.2 Comparison to mix defined as ESG < 13 by Sustainalytics
As an effort to compare the selected US companies to alternately highly ranked US companies in terms of
their Environmental, Social and Governance impacts, we use data from Yahoo Finance that publishes
current ratings for highly sustainable companies. We filter the universe of large cap US companies in
order to also match the size profile of the companies considered by Corporate Knights. Sustainalytics
considers companies rated with an environmental, social and governance (ESG) score of less than 13 to
be highly sustainable. We form a matching portfolio with these companies and compare it to the Global
2020 mix of US companies. The results are shown in Table 7 and Graph 8. We find the selected Global
100 mix of US companies for 2020 outperforms in returns vs. the other sustainable portfolio as well as the
general large cap market. The Sortino for the 2020 selected portfolio is also higher than the one for the
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other two benchmarks at 3.20 vs. 0.67 and 1.13 for the other sustainable portfolio and the market
respectively.

……..Insert Table 7 and Graph 8 here……..

4.3.3 Change in Volume Study for One Time US names
18 companies out of all 81 US Companies chosen over the 16-year period made a one-time only
appearance on the Global 100 list. Analysis was performed to study the average change in volume for
these companies within the shorter event window -10 + 21. The rationale is that these companies may
theoretically experience greater informational impact from the announcement as reflected in their trade
volume than companies which are repeat names on the Global 100 list. Volume data was obtained from
CRSP. In 61% (11 out of the 18 companies) of the cases there was a positive average change in volume
post announcement for all the years that had a one timer announced. Table 8 shows all company tickers
and the respective years they were chosen to be one of the Global 100 most sustainable companies. The
percentage is average volume change within the short run event window of -10 +21 post announcement.
The overall volume change is a positive 3.870% post announcement. It is hard to draw an inference from
this sample. As more data becomes available, further research can help substantiate whether or not there
is any discernable volume pattern as a result of the announcement.

……..Insert Table 8 here………..
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Microsoft and Edwards Lifesciences are two companies which are one time shows on the Global list and
their volume graphs are in Graphs 9 and Graph 10 respectively. The announcement the year they were
chosen was on Jan.19, 2017. The shift in volume is apparent around the announcement date on the graphs.

……Insert Graphs 9 and 10 here……

4.4 Regression Work
Eugene Fama and Kenneth French used 3 factors in order to explain excess returns on stock portfolios.
Following that rationale and adding daily VIX we run an estimation. Daily VIX is helping us evaluate
whether investment fear is a significant consideration in the relationship with excess returns on the
studied portfolio.
First, we use Ordinary Least Squares to help estimate excess returns on the portfolio.
The estimation is represented by the following equation:
PORTFOLIO_RF=
R(t)-RF(t)=a + b x MKTRF(t) + s x SMB(t) + h x HML(t) + v x VIX_close + e(t)
Portfolio_RF is the excess return on the portfolio.
MKTRF (or Rm-Rf) is the excess return on the market. It is calculated as the value-weighted return on all
NYSE, AMEX, and NASDAQ stocks (from CRSP) minus the one-month Treasury bill rate (from
Ibbotson Associates). The SMB and HML are the factors as constructed by Fama French. VIX_close is
the daily VIX from Yahoo Finance.
The Summary statistics of the variables analyzed are in Table 9.
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……Insert Table 9 here……

The detailed results of the OLS regression are in Table 10. Regression analysis is built on certain
underlying assumptions. If these assumptions do not hold, the regression analysis will not be reliable:
linear relationship; multivariate normality; no or little multicollinearity; no auto-correlation;
homoscedasticity.
Tests are performed to check that the underlying assumptions hold and the detailed results of those are in
the Appendix. The Durbin-Watson at 2.05 indicates no serial auto-correlation. The adjusted R square
indicates this model is a reasonably good fit helping explain over 91% of the relationships between the
variables. The coefficient on the excess return on the market is positive and significant. It indicates that
every unit increase in the market portfolio is associated with 0.97 units increase in the sustainability
portfolio. A negative coefficient for the SMB factor would indicate that the excess return is in part, due to
the size of the company, which makes intuitive sense as the companies considered for the ranking have a
large cap market size. HML (the value factor) is not significant in the simple OLS regression.

………Insert Table 10 Here………….

Both the independent and dependent variables exhibit outliers so in order to account for that, we run a
subsequent regression using Robust Least Squares. The results show that based on the goodness of fit
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measures this updated model accounts for roughly 68-93% of the variation in the model. The Rn
squared statistic is a robust version of a Wald test of the hypothesis that all of the coefficients are equal to
zero. The Rn squared and corresponding p-value of 0.00 indicate strong rejection of the null hypothesis
that all non-intercept coefficients are equal to zero. The coefficients for all independent variables are
showing as significant but the only larger coefficients are once again the excess market returns and SMB
which confirms the findings of the OLS estimation. The coefficient for HML is showing as inversely
correlated with the excess returns of the studied portfolio which can be explained by the fact that a lot of
the companies chosen to the Global List are more growth oriented and not necessarily the Value type of
company that the HML factor captures. The VIX coefficient is very small but statistically significant in
the Robust Least Squares model iteration. This may not be a big coefficient but it does have some
explanatory power and it would be good to evaluate if it is better served as a switching regressor in a
future study. Table 11 shows all the output from the Robust Least Squares regression.

………Insert Table 11 here……..

5. Conclusion & Future Research
In order to build on this research, Markov switching Regression testing could be considered to determine
if there is a regime switch around the year 2013 when concern with ESG metrics disclosure became more
prevalent in the investment narrative (Ainsworth, Corbett, & Sachell, 2018). Year 2020 could also serve
as a breakpoint, intuitively, due to the heightened volume flow toward sustainable funds in the US as a
result of the pandemic (Morningstar, 2020). The intent would be to use change in volume of stocks as
well as price return information to perform the additional analysis. VIX could be used as a switching
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regressor analyzing the sentiment change over time and the relationship it has with volume and excess
price returns on sustainably ranked equities. As more data becomes available, the US companies of the
Global 100 can be compared to the Barron’s most sustainable companies. Additional efforts can be made
to research the impact of firm characteristics on abnormal performance as this is beyond the scope of this
study.
Similarly, to Dr. Hendricks and Dr. Singhal, who found in 1996 that the stock market reacts positively to
quality award announcements, we find positive abnormal returns post announcement (Hendricks &
Singhal, 1996). The event study results show statistically significant non-zero cumulative abnormal
returns for event windows of the 3, 4 and 12 months of trading as well as the very short term 3 days
before and 2 days post announcement. Both parametric and non-parametric tests show significance at the
5% level for the 3 and 4-month trading event windows. The 12-month significance of the non-zero
cumulative abnormal returns is confirmed by the Generalized Sign Test and is significant with all
estimation models. When using the Market Model and Market Adjusted Model the CARs are significant
at the 1% level. With Fama French we find significance at the 5% level.
Based on these findings, the Global list and its US company components could be a meaningful
contributor to a large cap active trading strategy. Due to the potential to trade in periods less than or right
at a year, it may be prudent to consider investor profiles that are not tax sensitive. This can, as an
example, be useful for tax deferred retirement and “not for profit” company portfolios.
In a similar vein as Dr. Hendricks and Dr. Singhal researched in their paper titled “Quality Awards and
the Market Value of the Firm”, we study the risk associated with holding the portfolio post announcement
(Hendricks & Singhal, 1996). We use a different risk metric as an effort to isolate downside deviation so
we can look at risk through the lens of a potential investor. Risk adjusted metrics examined show that the
Sortino ratio for the studied portfolio is consistently higher. That is another important consideration when
using this Global list as a source of inputs for portfolio design. All of these inferences are made knowing
that further research would be needed in order to isolate firm effects and the impacts they have on the
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persistency of abnormal returns over time. Nevertheless, the presence of cumulative abnormal returns and
the rising number of US Companies that make this Global Ranking give us hope that the future of
investing in the US is brighter and more meaningful. This paper adds to the body of knowledge
supporting the revisionist view that sustainability is becoming an important contributor to investment
returns by providing better visibility while sending a positive signal to the financial market (Neuhierl,
Scherbina, & Schlusche, 2013). If Capitalism can be responsible yet just as profitable, it would provide a
lot more meaning to investors beyond pure price returns.
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Appendix:
I.Tables and Graphs

Graph 1
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Graph 2

Graph 3
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Table 1
Announcement
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Year
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Announcement
Date
1/22/2005
1/27/2006
1/22/2007
1/23/2008
1/28/2009
1/27/2010
1/29/2011
1/25/2012
1/23/2013
1/22/2014
1/22/2015
1/21/2016
1/19/2017
1/23/2018
1/22/2019
1/21/2020

Graph 4

Illustrative Graphic Retrieved from Wharton Research Data Services (WRDS, 2021).
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Table 2. Mean Cumulative Abnormal Returns (in Percent) based on daily returns for 16 announcement
dates of US companies globally ranked to be most sustainable using the Market Model as estimator
(p-Values in Parenthesis).
Market Model Estimation
Mean CARs (At the end of Event Window)
P-Value of Mean CARs (Parametric)
P-Value of Gen. Sign Test (NonParametric)

-10 + 21
0.462
(0.474)

-10 + 63
1.598
(0.112)

- 10 + 84
2.384
(0.049)**

-10 +252
1.218
(0.695)

(0.35)

0.000***

0.048**

0.003***

For the Mean (Median) abnormal returns the p-value is from the Cross-Sectional T-Statistic for CAR at the end of the specified
event window and the Generalized Sign test (WRDS, 2021).
p value<0.01 *** 1% significance level
P value<0.05 ** 5% significance level
P value<0.10 * 10% significance level

Table 3. Mean Cumulative Abnormal Returns (in Percent) based on daily returns for 16
announcement dates of US companies globally ranked to be most sustainable using the Market
Adjusted Model as estimator (p-Values in Parenthesis).
Market Adjusted Model Estimation
-10 + 21
-10+63
-10+84
-10+252
Mean CARs (At the end of Event Window)
0.534
1.754
2.685
1.230
P-Value of Mean CARs (Parametric)
0.818
0.037** 0.006***
0.511
P-Value of Gen. Sign Test (NonParametric)
0.424
0.375
0.375
0.001***
For the Mean (Median) abnormal returns the p-value is from the Cross-Sectional T-Statistic for CAR at the end of the specified
event window and the Generalized Sign test (WRDS, 2021).
p value<0.01 *** 1% significance level
P value<0.05 ** 5% significance level
P value<0.10 * 10% significance level

Table 4. Mean Cumulative Abnormal Returns (in Percent) based on daily returns for 16
announcement dates of US companies globally ranked to be most sustainable using the Fama French
Model as estimator (p-Values in Parenthesis).
Fama French Model Estimation
-10+21
-10+63
-10+84
-10+252
Mean CARs (At the end of Event Window)
0.205
1.047
1.621
0.494
P-Value of Mean CARs (Parametric)
0.306
0.301
0.194
0.159
P-Value of Gen. Sign Test (NonParametric)
0.476
0.243
0.472
0.030**
For the Mean (Median) abnormal returns the p-value is from the Cross-Sectional T-Statistic for CAR at the end of the specified
event window and the Generalized Sign test (WRDS, 2021).
p value<0.01 *** 1% significance level
P value<0.05 ** 5% significance level
P value<0.10 * 10% significance level
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Table 5
Year
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
Average

Market
Average
10.974%
7.80%
-7.10%
-31.06%
35.04%
22.88%
7.48%
16.36%
29.68%
12.27%
-7.92%
27.36%
27.86%
-6.03%
25.52%
28.56%

Market
Standard
Deviation
0.104839259
0.103832381
0.167097648
0.405861004
0.256666254
0.181469445
0.243410816
0.132403084
0.112466253
0.123785004
0.157330308
0.126395402
0.073270871
0.179188313
0.121374619
0.352056921

12.48% 0.177590474

Market Std
Market Sortino
Dev Neg
Ratio
0.061399594
1.787301116
0.059450035
1.311466717
0.112011425
-0.633632657
0.259493734
-1.196855615
0.150521741
2.328018182
0.112081385
2.041631718
0.156624961
0.477479622
0.074516345
2.196125266
0.112466253
2.638992098
0.081748216
1.501457014
0.100868309
-0.785443129
0.074468908
3.673957313
0.041548665
6.704258841
0.118831761
-0.50749286
0.077551107
3.290812927
0.236755721
1.206424962
0.114396135

1.627156345

Portfolio
Average
12.926%
10.44%
-3.40%
-35.24%
57.22%
23.19%
7.89%
15.89%
32.94%
12.35%
-7.44%
34.28%
22.10%
-2.13%
34.20%
40.37%
15.97%

Portfolio
Standard
Portfolio Std
Portfolio
ESG Standard ESG Std Dev
Deviation
Dev Neg
Sortino Ratio ESG Average
Deviation
Neg
0.102791974 0.058930409
2.19342595
0.098452305 0.055497945 1.880993862
0.167022561 0.111402097 -0.304830064
-10.14% 0.151847013 0.100414916
0.385528956 0.247518965 -1.423663349
-31.97% 0.389402306 0.248493656
0.301427641 0.170124427 3.363405089
42.99% 0.247902564 0.143612686
0.175813896 0.106827169 2.171147233
14.81% 0.173329526 0.106097325
0.226032727 0.145424309 0.542422484
5.55% 0.221047158 0.142314726
0.145540921 0.078485822
2.02422504
12.51% 0.122641474 0.071713251
0.127428044 0.071222421 4.625209843
27.77% 0.106384528 0.062782457
0.115115178 0.044829217 2.755212939
12.26% 0.117785712 0.071667283
0.161778365 0.102836169 -0.723643622
-9.19% 0.159506508 0.101583767
0.135351255
0.0797416 4.298419203
21.57% 0.128242512 0.076806811
0.078833616 0.046513677 4.751636054
24.49% 0.071346709 0.040381628
0.19464921 0.128998083 -0.165477565
-6.55%
0.18299121 0.120235897
0.139064265 0.087687578 3.900663122
25.15% 0.119475538 0.076274677
0.350500112 0.233455174 1.729355828
21.94% 0.354349402 0.235056881
0.181583189

0.110593441

1.976156378

10.80%

0.181875154

0.114102569

Graph 5
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ESG Sortino
Ratio

-1.009512089
-1.286497277
2.993293574
1.396030447
0.389866484
1.745106778
4.423054929
1.710474308
-0.904411843
2.808033454
6.06541208
-0.544693971
3.296787391
0.933569794
1.572608147

Graph 6

Table 6
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Graph 7

Table 7
Portfolio Performance ( Jan 2020 - Jan 2021)
Metric
Start Balance
End Balance
Holding Period Return
Standard Deviation
Sortino Ratio

2020 G100 Selected ESG < 13 by Sustainalitics Market Index
$
100,000.00 $
100,000.00 $ 100,000.00
$
165,628.00 $
109,845.00 $ 117,040.00
59.320%
9.050%
15.630%
33.460
26.150
24.990
3.200
0.67
1.13
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Graph 8

Table 8. Average Volume % Change post-Announcement for First Timers on the Global List.
Ticker
MAS
UPS
DELL
FPL
AMZN
SBUX
KFT
IBM
BHI
PRU
MSFT
EW
TXN
NVDA
PNC
KEY
ANSS
VMW
Overall

2006
2.800%
-19.52%

2009

2010

2011

2012

2015

2016

2017

2018

2019 All Years

33.77%
9.800%
71.70%
-13.30%
14.10%
-34.40%
0.600%
0.700%
42.800%
4.000%
52.42%
36.80%

-8.361%

38.424% -13.300%

14.100% -34.400%

0.600%

0.700%

23.400%

-39.50%
-1.200%
-29.00%
-38.60%
44.610% -27.075%

3.870%
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Graph 9

Graph 10
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Table 9

Table 10. OLS Regression Output
Ordinarly Least Squares
Sample Observations 4008
Variable
Coefficient
Std. Error
t-Statistic
P-value
Constant
-2.13E-05
0.000
-0.160
0.872
Mktrf
0.973
0.005
194.93
0.000
SMB
-0.070
0.010
-6.945
0.000
HML
0.000693
0.008
0.083
0.933
VIX_CLOSE
6.89E-06
6.24E-06
1.104
0.269
Model Summary
Ordinary Least Squares

R-Squared
0.915

Adjusted R-Squared S.E of regression F-Stat
Prob.F-Stat Durbin Watson
0.915
0.003 10742.060
0.000
2.078

Table 11. Robust Least Squares Output
Robust Least Squares
Sample Observations 4008
Variable
Constant
Mktrf
SMB
HML
VIX_CLOSE
Model Summary
Ordinary Least Squares

Coefficient Std. Error t-Statistic
P-value
-2.35E-04
0.000
-2.068
0.038
0.980
0.004
229.672
0.000
-0.085
0.008
-9.813
0.000
-0.022
0.007
-3.198
0.001
1.99E-05
5.33E-06
3.734
0.000

R-Squared Rw-Squared S.E of regression Rn-squared Prob.Rn-squared
0.685
0.938
0.003 10742.060
0.000
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Regression Work – check on assumptions
Stationarity testing:
Testing for unit root in dependent variable:
Null Hypothesis: PORTFORLIO__RF has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=30)

Augmented Dickey-Fuller test statistic
Test critical values: 1% level
5% level
10% level

t-Statistic

Prob.*

-72.19951
-3.431797
-2.862065
-2.567092

0.0001

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(PORTFORLIO__RF)
Method: Least Squares
Date: 03/06/21 Time: 12:43
Sample (adjusted): 1/25/2005 12/30/2020
Included observations: 4007 after adjustments
Variable

Coefficient

Std. Error

t-Statistic

Prob.

PORTFORLIO__RF(
-1)
-1.131008
C
0.000573

0.015665
0.000199

-72.19951
2.878503

0.0000
0.0040

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.565513
0.565405
0.012600
0.635845
11842.13
5212.770
0.000000

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

1.40E-06
0.019113
-5.909723
-5.906580
-5.908609
2.000866

Testing for Unit Root in Mktrf:
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=30)

Augmented Dickey-Fuller test statistic
Test critical values: 1% level
5% level
10% level

t-Statistic

Prob.*

-71.94500
-3.431797
-2.862065
-2.567092

0.0001

*MacKinnon (1996) one-sided p-values.
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Augmented Dickey-Fuller Test Equation
Dependent Variable: D(MKTRF)
Method: Least Squares
Date: 03/06/21 Time: 12:47
Sample (adjusted): 1/25/2005 12/30/2020
Included observations: 4007 after adjustments
Variable

Coefficient

Std. Error

t-Statistic

Prob.

MKTRF(-1)
C

-1.127536
0.000462

0.015672
0.000197

-71.94500
2.351669

0.0000
0.0187

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.563777
0.563668
0.012441
0.619925
11892.93
5176.082
0.000000

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

1.90E-06
0.018835
-5.935080
-5.931938
-5.933966
2.000467

Unit Root in HML test:
Null Hypothesis: HML has a unit root
Exogenous: Constant
Lag Length: 2 (Automatic - based on SIC, maxlag=30)

Augmented Dickey-Fuller test statistic
Test critical values: 1% level
5% level
10% level

t-Statistic

Prob.*

-39.30249
-3.431798
-2.862065
-2.567093

0.0000

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(HML)
Method: Least Squares
Date: 03/06/21 Time: 12:48
Sample (adjusted): 1/27/2005 12/30/2020
Included observations: 4005 after adjustments
Variable

Coefficient

Std. Error

t-Statistic

Prob.

HML(-1)
D(HML(-1))
D(HML(-2))
C

-1.064867
0.079179
0.074175
-0.000138

0.027094
0.022132
0.015764
0.000117

-39.30249
3.577540
4.705274
-1.177218

0.0000
0.0004
0.0000
0.2392

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.495474
0.495096
0.007421
0.220333
13957.50
1309.739
0.000000

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

4.99E-07
0.010444
-6.968038
-6.961751
-6.965809
2.004469
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Unit root in SMB test:
Null Hypothesis: SMB has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=30)

Augmented Dickey-Fuller test statistic
Test critical values: 1% level
5% level
10% level

t-Statistic

Prob.*

-65.89427
-3.431797
-2.862065
-2.567092

0.0001

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(SMB)
Method: Least Squares
Date: 03/06/21 Time: 12:49
Sample (adjusted): 1/25/2005 12/30/2020
Included observations: 4007 after adjustments
Variable

Coefficient

Std. Error

t-Statistic

Prob.

SMB(-1)
C

-1.040498
3.94E-05

0.015790
9.28E-05

-65.89427
0.424760

0.0000
0.6710

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.520190
0.520070
0.005874
0.138206
14899.89
4342.055
0.000000

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

4.47E-06
0.008480
-7.435932
-7.432790
-7.434819
2.002501

Testing for unit root in VIX_close
Null Hypothesis: VIX_CLOSE has a unit root
Exogenous: Constant
Lag Length: 4 (Automatic - based on SIC, maxlag=30)

Augmented Dickey-Fuller test statistic
Test critical values: 1% level
5% level
10% level

t-Statistic

Prob.*

-4.911237
-3.431799
-2.862065
-2.567093

0.0000

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(VIX_CLOSE)
Method: Least Squares
Date: 03/06/21 Time: 12:50
Sample (adjusted): 1/31/2005 12/30/2020
Included observations: 4003 after adjustments
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Variable

Coefficient

Std. Error

t-Statistic

Prob.

VIX_CLOSE(-1)
D(VIX_CLOSE(-1))
D(VIX_CLOSE(-2))
D(VIX_CLOSE(-3))
D(VIX_CLOSE(-4))
C

-0.015821
-0.169450
-0.039076
0.000280
-0.082026
0.305059

0.003221
0.015821
0.016046
0.016034
0.015766
0.068394

-4.911237
-10.71010
-2.435262
0.017493
-5.202757
4.460315

0.0000
0.0000
0.0149
0.9860
0.0000
0.0000

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.045018
0.043823
1.896095
14369.91
-8238.113
37.68385
0.000000

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

0.002381
1.939059
4.118967
4.128402
4.122312
2.000437

Normality of residuals is tested below and we find that the normality assumption is confirmed.
1,400

Series: Residuals
Sample 1/24/2005 12/30/2020
Observations 4008

1,200
1,000
800
600
400
200
0

-0.02

-0.01

0.00

0.01

0.02

Mean
Median
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis

-4.12e-05
7.71e-06
0.024591
-0.024496
0.003716
-0.089470
7.986286

Jarque-Bera
Probability

4157.476
0.000000
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.15
.10
.05
.00
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.00
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Residual

Actual

Fitted

Heteroskedasticity Test: Breusch-Pagan-Godfrey
Null hypothesis: Homoskedasticity
F-statistic
121.7380
Obs*R-squared
434.6824
Scaled explained SS 1481.107

Prob. F(4,4003)
Prob. Chi-Square(4)
Prob. Chi-Square(4)

0.0000
0.0000
0.0000

Test Equation:
Dependent Variable: RESID^2
Method: Least Squares
Date: 03/06/21 Time: 16:57
Sample: 1/24/2005 12/30/2020
Included observations: 4008
Huber-White-Hinkley (HC1) heteroskedasticity consistent standard
errors and covariance
Variable

Coefficient

Std. Error

t-Statistic

Prob.

C
MKTRF
SMB
HML
VIX_CLOSE

-9.68E-06
0.000238
-0.000393
-7.89E-05
1.22E-06

2.06E-06
0.000130
0.000198
0.000199
1.25E-07

-4.708786
1.835721
-1.982905
-0.395886
9.778573

0.0000
0.0665
0.0474
0.6922
0.0000

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.108454
0.107563
3.40E-05
4.62E-06
35557.63
121.7380
0.000000

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

1.38E-05
3.60E-05
-17.74083
-17.73298
-17.73805
1.777072

Heteroskedasticity Test: ARCH
F-statistic
Obs*R-squared

160.2399
154.1523

Prob. F(1,4005)
Prob. Chi-Square(1)

0.0000
0.0000

Test Equation:
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Dependent Variable: RESID^2
Method: Least Squares
Date: 03/06/21 Time: 17:00
Sample (adjusted): 1/25/2005 12/30/2020
Included observations: 4007 after adjustments
Huber-White-Hinkley (HC1) heteroskedasticity consistent standard
errors and covariance
Variable

Coefficient Std. Error

t-Statistic

Prob.

C
RESID^2(-1)

1.11E-05
0.196139

16.45006
4.294876

0.0000
0.0000

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.038471
0.038231
3.53E-05
4.98E-06
35396.93
160.2399
0.000000

6.72E-07
0.045668

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

1.38E-05
3.60E-05
-17.66655
-17.66340
-17.66543
2.084294

Dependent Variable: PORTFORLIO__RF
Method: Least Squares
Date: 03/06/21 Time: 16:46
Sample: 1/24/2005 12/30/2020
Included observations: 4008
Variable

Coefficient

Std. Error

t-Statistic

Prob.

C
MKTRF
SMB
HML
VIX_CLOSE

-2.13E-05
0.973888
-0.070279
0.000693
6.89E-06

0.000133
0.004996
0.010118
0.008315
6.24E-06

-0.160107
194.9372
-6.945903
0.083285
1.104390

0.8728
0.0000
0.0000
0.9336
0.2695

R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.914778
0.914692
0.003711
0.055137
16745.65
10742.06
0.000000

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

0.000506
0.012707
-8.353617
-8.345763
-8.350833
2.078586

Additional Detail of Analysis available upon request to the author.
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